. Carlos Chagas' original observations on the cardiac disturbances in chronic S. cruzi infection have been confirmed and considerably extended'0-'5 in the last 10 years. Epidemiologic studies, observations of the clinical manifestations, the description of the electrocardiographic changes, improved laboratory diagnosis, the pathologic studies, and, finally, the production of a chronic type of heart From the Instituto Oswaldo Cruz, Rio de Janeiro, Brasil. This work was supported in part by the Conselho Nacional de Pesquisas. disease similar to the human in dogs experimentally infected with S. cruzi-all these studies have provided a firm basis for defining chronic Chagas' heart disease as a distinct clinicoanatomic entity. "7 Observations have shown the common occurrence in some Brazilian districts of both cardiospasm (megaesophagus) and chronic trypanosomiasis. Patients from such areas with cardiospasm show a particularly high percentage (up to 97 per cent) of positive complementfixation tests for Chagas' disease and electrocardiographic changes similar to those usually found in chronic Chagas' heart disease.3 23 These facts suggest a possible etiologic relationship between Chagas' disease and cardiospasm in those areas. The subject requires further investigation. ETIOLOGY S. cruzi has a typical trypanosome blood form, characterized by a large, terminal or subterminal blepharoplast. In the tissues the flagellates undergo regressive changes resulting in the formation of leishmaniform organisms that divide by binary fission, thus forming intracellular colonies of parasites. The myocardial fibers seem to be the most important site of multiplication of S. cruzi.
In sections from the myocardium the parasite usually assumes the morphology of leishmania bodies ( fig. la) , which are round corpuscles measuring 4 by 2 or 3 by 1.5 microns, containing an ovoid nucleus and a rodlike blepharoplast. The States to Argentina ( fig. 2 ). S. cruzi has never been detected in triatomes outside the American continent, although it was found in monkeys in Java (MIalamos).
Triatominae are strictly hematophagous insects and they get their flagellates from the blood of vertebrate hosts; so, the presence of infected bugs depends upon the existence of infected vertebrates. To several species infected with S. cruzi, but they seldom breed in homes, although these are frequently invaded by flying insects during the summertime. The triatomid bugs harbor S. cruzi in their digestive tract and apparently they suffer no harm as a result of being infected with the flagellate. Cyclical development of the parasite takes place in the stomach, duodenum, and rectum of the bugs. The blood trypanosome forms pass through the crithidial (multiplication) stage, and give rise to the metacyclical (infective) forms, which are eliminated with the excreta of the insects. Normally, transmission of the disease is effected through contamination of mucosa or skin with infected dejections eliminated by the bugs during or soon after feeding. Acute cases are more frequent in the summer months. The clinical picture may be quite easily recognized in endemic areas. The acute period is manifested by general malaise, fever, abundant sweating, muscular pains, irritation, anorexia, and sometimes vomiting and diarrhea; local signs of portal of entry of the parasite in the organism, lymph node enlargement, generalized edema, and in some cases anasarca; hepatomegaly and moderate splenomegaly, and occasionally cutaneous eruptions (schizotrypanides); symptoms and signs of heart involvement, and in some cases (usually fatal) symptoms and signs of central nervous system involvement (acute meningoencephalitis). Laboratory findings include leukocytosis with pronounced lymphocytosis, increased blood sedimentation rate, widening of the coagulation band on Weltman's reaction, decrease in serum albumin fraction, and frequently increase of certain globulin fractions of blood sera during the edematous period, as well as abnormalities of some other liver function tests. fig. 4 ) with S. cruzi in myocardial fibers in all the 11 cases; anatomic evidences of circulatory failure in 8 cases; chagasic encephalitis in 2 cases (the nervous system was not examined in the remaining cases); pronounced fatty degeneration of the liver in 7 cases.
With the exception of the frequency and severity of the heart lesions, the manifestations of acute Chagas' heart disease do not differ essentially from those due to acute myocarditis of other etiologies.
In severe cases the picture of bilateral heart failure (pulmonary and systemic congestion, bilateral increase of cardiac shadow, regular heart rhythm, accelerated heart rate, gallop rhythm or embryocardia (tic-tac rhythm), decreased systolic and low pulse pressure with small radial pulse) allows the clinical diagnosis of myocarditis to be made without difficulty. The convulsive syndrome frequently exhibited by children with severe forms of the disease may be in some cases related to acute circulatory failure.
In mild cases detection of the acute myocarditis by physical examination is less acurate; gallop rhythm with diminution of the intensity of the first heart sound (delayed A-V conduction time) and signs of cardiac dilatation may be the only reliable 3. S-T displacements associated with T-wave changes ("injury-ischemia") and low voltage of QRS were uncommon in the nonfatal and had a significantly high incidence in the fatal group. 4 . The only 2 cases of intraventricular block (right bundle-branch block) were in the fatal group.
A comparison of tables 2 and 3 calls attention to the marked differences in the type and incidence of electrocardiographic abnormalities in acute and chronic Chagas' heart disease. Also from the clinical and pathologic standpoints, acute and chronic Chagas' heart disease each have quite distinctive features. As a matter of fact, these 2 types of heart disease seem to have in common only the etiologic agent and a widespread inflammatory process of the myocardium.
The diffuse myocardial lesions in acute Chagas' disease tend to alter the ventricular complex and cause only minor degrees of A-V conduction disturbances. They are usually not apt to produce marked conduction disturbances nor to set up frequent ectopic contractions. Electrocardiographic-anatomic correlations in our human and experimental material indicate that the spread of excitation to the atria and ventricles is apparently not significantly disturbed despite the severe, diffuse, acute inflammatory myocardial lesions; only when dilatation of heart cavities or proliferation of interstitial connective tissue takes place do significant conduction disturbances appear. The appearance of intraventricular block (right bundle-branch block) in acute Chagas' heart disease carries a poor prognosis; in our human and experimental material this disturbance occurred only in cases of severe myocardial lesions and cardiac dilatation. A quite different prognostic significance is attached to right bundle-branch block in chronic Chagas' heart disease; in this condition the conduction disturbance may be found in cases showing only limited cicatricial inflammatory myocardial lesions without cardiac enlargement, and may be compatible with long survival of the patient.
Diagnosis
Laboratory diagnosis of acute Chagas' disease is based on the demonstration of the parasite. In the first weeks of infection the high level of parasitemia permits demonstration of circulating forms (trypanosomes) of S. cruzi in a fresh blood smear or a thick drop preparation of blood. As the infection evolves, the number of blood circulating trypanosomes decreases; after the sixth to tenth weeks of infection direct microscopic demonstration of the parasite in the blood is difficult. At this time, xenodiagnosis, * animal inoculation of blood, or blood culture are the recommended procedures for demonstration of the parasite. A precipitin reaction proposed by Muniz and * A diagnostic method proposed by Brumpt, consisting in feeding uninfected laboratory-bred triatomid bugs on patients and examining the bugs' feces for the presence of S. cruzi 2 to 3 months after feeding. Subsidence of the clinical manifestations and reduction of the number of trypanosomes in the blood to such levels that they can no longer be seen on direct fresh examination are the usual criteria for distinguishing the acute from the chronic stages of the disease. The asymptomatic period, described' as the chronic indeterminate form of the disease, comprises a long period, usually from 10 to 20 years, between the end of the acute stage and the establishment of the late heart disease of chronic infection. Patients during the asymptomatic period may be considered as belonging to the category of potential cardiac disease.
In the first years following the acute infection, these patients show some degree of enlargement of the superficial lymph nodes, occasionally moderate enlargement of the liver, as well as periods of slight, irregular elevations of temperature, increased blood sedimentation rate, and moderate lymphocytosis. In other cases the infection seems to remain mostly inactive for long periods of time.
Transition from the asymptomatic phase to the stages of heart disease in chronic infection is sometimes difficult to define clearly, since many patients develop transient electrocardiographic changes long before the appearance of the permanent cardiac manifestations of chronic Chagas' heart disease. From a group of 75 patients with a known acute period of infection (40 with normal electrocardiogram), 17 (22.7 per cent) developed electrocardiographic abnormalities during an average observation period of 10 years after the acute infection; the electrocardiographic changes were transient in 5 and permanent in 12. In the endemic areas this group of asymptomatic chronic infection is the largest of the 3 groups of patients with S. cruzi infection. Although these patients are apparently healthy and asymptomatic, they are most important from the epidemiologic standpoint.
Age and Sex
There was no significant variation in the incidence of chronic infection according to sex in the entire group of 1,340 patients (males 650, females 690). Age and Sex A progressive increase in incidence of heart involvement in different age groups of 1,340 patients with chronic S. cruzi infection was observed ( fig. 8) .
In this same group of patients, heart damage showed variations in its incidence according to sex in the different age groups ( fig. 8) : the males were preponderant in the age groups 11 to 50 and the females were slightly preponderant in the age groups up to 10 and over 61 years of age.
In the group of 683 cardiac patients, 383 (56 per cent) were males and 300 (44 per cent) were females. Figure 9 shows that 82 per cent of the patients with chronic Chagas' heart disease are in the age groups from 11 to 50 years and that two thirds of these cases are between 11 and 40 years of age. There are a few cases under 10 and over 50 years of age.
From figures 3, 7, and 9 it will be observed that acute infection occurs in the first decade, the chronic asymptomatic cases are preponderant in the second and third decades, and that chronic Chagas' heart disease has its highest incidence in the third and fourth decades of life.
Symptoms and Signs
The manifestations of chronic Chagas' heart disease depend mainly on the severity of the myocardial lesions, on the presence of heart failure, and on the type of arrhythmia.
In the early stages of chronic myocardial damage the patient may have no symptoms and the cardiac shadow may be normal or only slightly enlarged. In such patients, who are usually in the first or second decades of life, the diagnosis of the heart disease rests mainly on the electrocardiographic abnormalities.'0 Even severe heart disease, manifested by cardiac enlargement and advanced degrees of A-V or intraventricular block or other electrocardiographic abnormalities, may be unaccompanied by symptoms. One is impressed in some cases by the scarcity of subjective manifestations in contrast with the severity of the objective signs of advanced heart disease.
Cardiac failure usually assumes the type of right and left ventricular failure, with pronounced systemic congestion. A predominantly right-sided type of heart failure with functional tricuspid regurgitation is frequently observed in patients with advanced congestive failure. Isolated left ventricular failure may be present, however, in the early stages of heart failure.
Physical examination shows irregularities of cardiac rhythm usually due to ventricular premature contractions or A-V block, signs of enlargement of the heart (due mainly to dilatation), and evidences of passive congestion (usually more pronounced in the systemic circulation).
Reduplication of the second pulmonic sound is commonly heard. Gallop rhythm, a muffled first heart sound at the mitral area, and systolic murmurs due to functional mitral or tricuspid regurgitation may be present in patients with congestive heart failure. Marked increase of systemic venous pressure and pronounced enlargement of the liver with occasional pulsation are usual findings in these patients. Systolic blood pressure is normal or, more commonly, moderately lowered, and the pulse pressure is usually reduced; the radial pulse is small and irregular.
Roentgenography
X-ray pictures of the chest show moderate to pronounced, diffuse enlargement of the cardiac shadow and evidences of passive congestion in the lungs. Pulmonary congestion in many cases is not marked. Clear pulmonary fields together with marked bilateral enlargement of the heart shadow ( fig. 10 ) is a common finding in the chest x-ray of patients with advanced chronic Chagas' heart disease.
Electrocardiography
Recent advances in the knowledge of Chagas' heart disease are due mostly to the electrocardiographic studies during the last decade. in the fatal (15.0 per cent) group of cases. First degree A-V block occurs chiefly in the early stages of chronic Chagas' heart diesease, '3 being observed preponderantly in the younger age groups: 72.4 per cent of the cases from the nonfatal group were under 30 years of age. It was the most common (55.2 per cent of the cases) electrocardiographic abnormality present in the age group 11 to 20 years in the 483 nonfatal cases. Intravenous administration of 1 mg. of atropine sulfate may temporarily restore the A-V conduction time to normal; ocular compression may increase the degree of A-V block, with appearance of dropped ventricular beats in patients in the younger age groups.
Chronic S. cruzi infection was by far the most common cause of advanced A-V block in patients under 50 years of age in the endemic area that we studied. A comparatively high incidence of advanced A-V block was observed in chronic Chagas' heart disease'0: second degree A-V block occurred in 3.5 per cent and complete A-V block in 8.2 per cent of the cases from the entire group of 683 patients with chronic Chagas' heart disease. A particularly high incidence (17 per Abnormalities of P Waves, Atrial Fibrillation or Flutter. A high incidence of marked abnormalities of P waves (23 per cent) and of atrial fibrillation or flutter (16 per cent) was observed in the fatal group of cases, in contrast with the low incidence of these changes in the nonfatal group. The severe prognostic significance of atrial fibrillation in chronic Chagas' heart disease was pointed out by Chagas.5' 7 Its incidence is higher in the older age groups, but its severity is greater in young patients.
In the autopsy series (table 4) there were 8 patients with marked abnormalities of P waves and 6 patients with atrial fibrillation or flutter. No correlation was found between these electrocardiographic changes and the presence of atrial thrombosis or pulmonary infarcts. Cardiac enlargement was present in all the cases but varied greatly. Congestive heart failure was present in all cases.
Diagnosis
Consideration of the possibility of Chagas' disease in young or middle-aged patients who have been infected with S. cruzi in endemic areas of the disease and who present a chronic nonvalvular type of heart disease is the first prerequisite for a correct etiologic diagnosis.
The clinical history is of utmost importance. Detailed information should be obtained on epidemiologic factors operating in the area where the patient was born or has lived (existence of the insect vectors, the type of house the patient has inhabited, the presence of bugs in the house, etc.). A history of heart disease with congestive failure or sudden death in other members of the same family or in other young individuals from the same region is commonly elicited. Patients with the chronic type of heart disease rarely give a clear history of the initial stage of the infection, for this usually occurs in the first years of life. A complement-fixation test for Chagas' disease should be made in any young or middle-aged patient from endemic areas of the disease presenting a myocardial type of heart disease, with conduction disturbances, ventricular premature contractions, diffuse enlargement of the heart, with or without manifestations of congestive heart failure. Complete right bundle-branch block and complete A-V block (usually associated with ventricular premature contractions) in patients under 50 ; X e I = r n Î areas of Chagas' disease, are more commonly associated with chronic Chagas' heart disease.
It may be assumed that a fairly characteristic clinical picture of the cardiopathy with a positive Guerreiro-Machado's reaction constitutes a sound basis for the diagnosis of chronic Chagas' heart disease, despite repeatedly negative results of xenodiagnosis.13' 15 In 13 out of the 21 cases of chronic Chagas' heart disease proved at autopsy, the diagnosis was made solely on a clinicoserologic basis. In 12 of these cases xenodiagnosis yielded negative results and in some of them repeatedly so. In the remaining 8 patients xenodiagnosis was also positive. Very rarely the complement-fixation test may be negative and the xenodiagnosis may yield positive results.
In its early stages, chronic Chagas' heart disease, in patients under 20 years of age, may be difficult to differentiate from rheumatic carditis. Loud systolic murmurs due to functional mitral or tricuspid regurgitation in some cases of chronic Chagas' heart disease with advanced heart failure may lead to an erroneous diagnosis of valvular heart disease. Coronary heart disease is the most difficult problem in differential diagnosis. Chronic Chagas' heart disease occurs in the younger age groups, the patients do not complain of the typical precordial pain; the acute, transient injury changes of the electrocardiogram are not common. In age groups over 50, coronary atherosclerosis is commonly associated with chronic Chagas' heart disease. High blood pressure is unusual in patients with chronic Chagas' heart disease.
At the present stage of our knowledge it seems reasonable to assume that in countries where Chagas' disease exists in an endemic form, such diagnoses as Fiedler's myocarditis, chronic myocarditis of unknown etiology, or myocardial disease of unknown cause should not be made unless Chagas' disease has been adequately excluded as a possible etiologic factor.
Clinical Course and Prognosis
As a rule the heart lesions of chronic S. cruzi infection develop and progress slowly.
Even after the manifestations of heart failure the patient may survive for a long time. Most cases exhibit several bouts of congestive heart failure until the condition finally becomes irreversible.
In some patients, usually under 30 years of age, the heart condition presents a brief, more severe course. Heart failure supervenes earlier and has no tendency to reversion. There are gross irregularities of cardiac rhythm (ventricular extrasystoles, ventricular tachycardia, atrial fibrillation) and abnormalities of QRS or T waves, without advanced heart block; death is due to congestive heart failure, usually with pulmonary embolism. In the myocardium there are acute and chronic inflammatory lesions; the fibrotic lesions are less marked and S. cruzi is usually found with less difficulty (cases 1, 4, and 6, The condition has been described5' 6 as an isolated myocardial disease, without involvement of the valvular endocardium or the large vessels.
The number of published autopsy cases of chronic Chagas' heart disease with the presence of S. crazi in the myocardium is small. The pathologic picture of this condition is still only incompletely known.
The chief clinicoanatomic findings in our series of 21 Venous congestion and dilatation of capillaries, sometimes with extravasation of red blood cells into the myocardium, were found in most cases. Large thin-walled blood vessels, particularly in areas of extensive myocardial fibrosis, occasionally were observed.
5. Mlyocardial ischemia is probably an important mechanism in the development and progression of chronic Chagas' heart disease. In the enlarged heart, the vascular lesions and the dynamic factors usually operating in this condition (reduced systolic and pulse pressures, diminution of the capacity of the myocardium to raise systolic pressure, occurrence of frequent ectopic inefficient contractions) may result in coronary insufficiency. Local endocardial thickening, disturbed myocardial nutrition through the Thebesian vessels, and blood stagnation in the venous vessels of the heart have been claimed' to play major roles in the production of the ischemic myocardial lesions.
Treatment
No drug has yet been found to be entirely effective against 8. crtizi infection. A 4-aminoquinoline derivative* and a sulfurated arsenobenzolt are claimed'2 to possess trypanocidal effects on the circulating forms, but not oln the intracellular forms of S. cruzi and to exert favorable effects oln the evolution of some manifestations of the acute infection. Trials on experimentally infected dogs seem to show that a sulfurated arsenobenzol derivatives may destroy the blood forms of S. cruzi but does not prevent the development of chronic heart disease in these animals.16 Various other drugs have been tested'6 without encouraging results. SUMMARY AND CON-CLUSIONS Triatomid bugs, infected with Sch izotri/-pan am cruzi, are widely distributed ill this hemisphere, extending from the United States to Argentina. Our knowledge of the incidence and severity of human infection with S. crizi in most of the large endemic areas is still incomplete. In the present state of our knowledge, Chagas' disease should be considered as all essentially cardiotropic infection, caused by 8. cruzi, having an acute period with multiple, reversible manifestations due to involvemelnt of various tissues and organs. The heart is affected in the majority of cases. A prolonged chronic course follows, with late manifestations of progressive heart involvement (chronic Chagas' heart disease). There is no definite proof as yet whether esophageal involvement (cardiospasm), which occurs so frequently ill some endemic areas of Chagas' disease, is related to chronic S. cruizi infection.
Acute Chagas' heart disease may be defined as a reversible type of parasitic heart disease, caused by acute S. crazi infection, occurring predominantly in infancy and childhood and anatomically characterized by an acute, diffuse, usually severe, specific myocarditis that eventually leads to heart failure without conspicuous irregularities of the cardiac rhythm.
LAIIANJA, I)IAS, NOB1RXEGA, AND) MIRAND)A Our present concept of chronic Chagas' heart disease is that of a progressive, usually severe type of heart disease, related to chronic S. criizi el Following his marriage Withering began to cast about for a more profitable practice since his income did not exceed £100 a year. When, therefore, he received an unexpected letter in February of 1775 from Erasmus Darwin telling him of the death of Dr. Small of Birmingham and suggesting that there was thus a good opening for a competent young practitioner in the busy Midland metropolis, he accepted the proposal with enthusiasm. Later in the year he was appointed a junior assistant to Dr. John Ash of the General Hospital. He started in practice in May and moved his family to Birmingham later in the year.
Withering's success in his new environment was immediate. Not only was he taken into social and intellectural circles, but his practice quickly grew to one bringing in an income of £1000 a year, later £2000, an enormous sum for those days-and this despite the fact that he held a daily free clinic for the poor at the General Hospital and is said to have treated three thousand cases annually without charge. He was sought as a consultant from all over the Midland and western counties. He also began to conduct a huge correspondence with distinguished personages who wrote for medical counsel. One such request came from Paris from no less a person than Benjamin Franklin who sought advice about treating his "bladder stone."
In the year 1785 Withering made a record of the distances he had travelled for consultation and found that it added up to 6,303 miles-not far perhaps for these days, but for the horsedrawn vehicles and bad country roads of the eighteenth century it was an astonishing feat. 
